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ABSTRACT

One objective of the orbital Lunar Radar Sounder
Experiment (Apollo 17) is to detect subsurface structure }
manifested by discontinuities in the depth profile of electrical
properties. However, energy backscattered from the lunar
surface can interfere with the detection of energy reflected
from subsurface discontinuities and which has been attenuated
by a double passage through the lunar subsurface.

Recent measurements of the electrical properties
of Apollo 11 and 12 samples are used to calculate the expected
strength of radar echos from subsurface reflectors. The sub-
surface echo power is then compared with the surface back-
- scatter power. For typical lunar parameters the expected
depth of detectability of a subsurface reflector is about
150 m in rock and about 1 km in soil.
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TECHNICAL MEMORANDUM

A primary objective of the orbital Lunar Radar
Sounding Experiment is to detect subsurface structure within

1l km of the lunar surface.

In principle this objective can

be accomplished by the detection of the reflected energy
from discontinuities in the electrical parameters of the
subsurface. 1In practice the detection of the subsurface
reflection will be limited by the presence of various
sources of noise. One major source of noise is the enerqgy
backscattered from the lunar surface which, because of the
finite radar beamwidth, arrives with the same time delay as

the energy reflected from the subsurface.
then one of detecting the subsurface echo
of backscatter from the surface.

The problem is
in the presence

Some of the parameters of the lunar sounding radar
are given in table 1 and the geometry is shown in figure 1.

Orbital Altitude ~100
Frequency (MHz)
Wavelength (m)

Pulse Length (us)

‘Compressed Pulse (us)

Range Resolution (m)

Antenna

TABLE 1

LUNAR RADAR SOUNDER

km

150

.07
10

Yagi

15
20

70

100

Dipole

60

200

300

Dipole




Also shown in figure 1 is the relationship between
the time delay t, for a subsurface reflector at a depth 4,
and a surface scattering point at a horizontal distance x,
from the spacecraft nadir. For the depths to be probed
(<1 km) the angles are small (<15°) and it is obvious that
a surface element with a local slope equal to the angle
of incidence (6) will efficiently backscatter the incident
wave. These angles are also small compared to the beanwidth
of the antenna, and the incident power can be considered
constant over the surface distances of interest here.

Lunar Backscatter

The backscatter characteristics of the lunar surface
have been studied primarily by means of earth-based radar.
For short pulses the observed backscattered power as a
function of the angle of incidence can be fit by [Beckmann
and Klemperer, 1965; Marcus, 1969]

4 2 3/2

P(6) = [cos~8 + R sin“s] (1)

where

R = roughness parameter = 95 Al/3; A A 1lm. (2)

Brown [1960, 1964] has developed an expression for
the quasi-specular portion of the reflected energy. His
impulse response (equation 3) when convolveéd with the envelope
of the pulse also provides an adequate fit to the observed
radar data, for a roughness factor K)x = .04,

I(6) = 1-(1+Kx cots) exp(-Kx cots). (3)

Equation 1 is plotted in figure 2 for the wavelengths
corresponding to the three frequencies of the Radar-Sounder.
Also shown are some observed data at .68 and 6 m. Figure 3
shows a plot of the impulse response of equation 3 for two
values of the roughness coefficient as well as a comparison
of the convolution of the impulse responses for KA = .04 with
a pulse width tp = 12 us and the observed .68 m data of Evans

and Pettengill (1963). Brown's [1960] study found no appreciable
dependence of the roughness factor (K)) on wavelength for
wavelengths in the range from 30 cm to 1.5 m. Radar studies

(» = 30 cm) from rocket flights over desert terrain are also
compatible with equation 3 and a roughness factor Kx = .C4
(Brown, 1969).



()

Figure 4 shows the backscatter as a function of
time delay for the geometry of figure 1. The impulse response
(equation 3) for 3 values of the roughness coefficient is shown
as well as the convolution of the impulse response with pulse
lengths of 1 and 2 us. The 2 us pulse length is appropriate
for the Radar-Sounder frequency at 5 MHZ (x=60 m) and the
1 us pulse for the 15 MHZ ()=20m) frequency.

The backscatter as given by equation 1 for the.
geometry of figure 1 is shown in figure 5. Also shown are
two curves of the backscatter from figure 4. Note that for
the stated parameters the range of the backscattered powers
are similar for the two theories (equations 1 and 3).

Subsurface Signals

The energy returned from the lunar subsurface is
dependent on its electrical parameters. Table 2 lists
the average dielectric constants measured for some Apollo 11

and 12 samples. The dielectric constant for these samples
is not a strong function of frequency in the range from lO3
to 107 Hz.

TABLE 2

AVERAGE DIELECTRIC CONSTANTS FOR APOLLO 11 AND 12 SAMPLES
[COLLETT AND KATSUBE, 1971]

Fines Breccia Igneous (B) Igneous (A)
K 3.5 7.5 8.5 9.0

Values for K as large as 15 have been reported by Chung et al.,
1970, for some denser Apollo 11 samples. The reflection
coefficient as a function of the dielectric constant contrast
is shown in figure 6. For the lunar samples the typical
reflection coefficients are of the order of a few tenths.

The loss tangents for lunar and terrestrial samples
are given in figure 7. The lower value of tan § for the
fines relative to the rocks is probably mostly a porosity
effect, the soils having a smaller density.

The attenuation of a wave propagating through a
lossy medium is

- 4
E2mendtan6/>\ (4)




The power loss as a function of time delay (t = 2dy K/) is
then

L(db) = 27.2 £ t tan ¢ (5)
The power loss as a function of time delay and depth of a
reflector is shown in figure 8. To these transmission losses
there should also be added the reflection losses at the
subsurface interface, i.e.,

Reflection loss (db) = 10[2 1log (l—RO) + log Rl] (6)

reflection coefficient at vacuum surface interface

where R
o
Rl = reflection coefficient at subsurface interface.

From figure 6 we see that these losses are typically of the
order of -10db.

Subsurface Signal to Surface Noise Ratio

The determination of the subsurface structure is
dependent upon the detection of the reflection signal in
the presence of surface backscatter noise. The signal to
noise ratio is

_ Subsurface Attenuation x Reflection Loss x Data Processing Gain
Surface Backscatter

Z|0

which can be calculated from Equations 1, 3, 5 and 6. The

data processing gain is reported to be about +10 db (Brown,
personal communication) which will cancel the typical

reflection loss (-10db). The signal to noise ratio is then
approximately the subsurface attenuation to backscatter ratio.
The signal to noise ratio, in db, is the difference between a
power loss curve (figure 8) due to attenuation and a backscatter
curve (figures 4 and 5).

Figure 9 is a replot of figure 8 with the cross-
hatched area indicating the limits for the backscatter from
the various models of figures 4 and 5. The upper curve bounding
the crosshatched area is the 2 m curve of figure 5 and the
lower curve is a composite of the KX = .04, tp = §(t) of

figure 4 and the 60 m curve of figure 5. Considering that the
general observed trend is for the backscatter to decrease

with increasing wavelength, the upper region of the crosshatched
area is more appropriate for the shorter wavelength and the
lower region for the longer wavelengths.




If we define the depth of detectability of a
subsurface reflector by signal to noise ratio of 1 (0db),
the greatest depth of detectability is found in the case
of the two longest wavelengths (20 m and 60 m) in average
soil and is about 1 km. In average rock the depth of
detectability at the two longest wavelengths is in the range
from 100 to 150 m. At 2 m wavelength the models indicate
that probably no subsurface reflections would be detectable
in either soil or rock.

In considering regions of the lunar surface that
might be much smoother than the average surface we could
assume that the backscatter is 10 db lower than the lower
limit used above. This would increase the depth of
detectability at the two lowest frequencies to 1.7 km in
average soil and to about 275 m in typical rock. A decrease
in the loss tangent by about one third would, at the lowest
frequencies, increase the depth in rocks to something like
600 m.

CONCLUSIONS

Based on our estimates and various measured
lunar parameters, the expected maximum depth of detectability
under typical conditions is about 1 km in soil and about
150 m in rock. The detectability depth will be increased
in those regions where the surface roughness is small and/or
the propagation losses are small. Factors tending to
decrease the detectable depth are an increase in surface
roughness, greater than average propagation losses and
degradation in the data processing gain.

2
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@l ///

2015-WRS-dmu W. R. Sill
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